ABSTRACT: The effect of cimetidine on the treatment efficacy of praziquantel against Microcotyle sebastis infestation in cultured rockfish Sebastes schlegeli was investigated. Juvenile rockfish were divided into 7 groups, and orally administered praziquantel alone (50, 100 and 200 mg kg -1 body wt, BW) or in combination with cimetidine at a dose of 200 mg kg -1 BW for each praziquantel dose. The fish in the control group were administered only saline. The results clearly showed that coadministration of cimetidine with praziquantel led to a significantly increased treatment efficacy of the latter drug, and consequently would lead to a lowering of the total dose of praziquantel, and a reduction in the administration times and costs for the treatment of M. sebastis infestation in cultured rockfish.
INTRODUCTION
Praziquantel chemotherapy has been employed to control various internal helminth infections in mammals and has recently been used to control monogenean diseases in fish by bath treatment (Schmahl & Melhorn 1985 , Buchmann 1987 , Buchmann et al. 1990 , Szekely & Molnar 1990 , Thoney 1990 . Recently, Kim et al. (1998) and Kim & Cho (2000) reported that oral administration of praziquantel was effective in treating Microcotyle sebastis infestations in cultured rockfish Sebastes schlegeli.
Because Microcotyle sebastis is a blood-sucking polyopisthocotylean, the parasite inevitibly absorbs praziquantel in the blood of treated fish in the process of blood feeding. However, all M. sebastis worms on the gills of a rockfish would not feed blood at the same time and the levels of praziquantel in the blood would decline with the lapse of time. When praziquantel was administered in a single oral dose in mammals, the drug disappeared in the plasma within 3 h (Bittencourt et al. 1990 , Jung et al. 1991 . Although little work has been done on the pharmacokinetics of praziquantel in fish administered orally, the highest residue level of praziquantel in the blood of rainbow trout which were given a single oral dose (10 mg kg -1 body wt, BW) of praziquantel was obtained 7 h after treatment, and no residues were found 48 h after medication according to the preliminary study of Rogstad et al. (1987) . Considering this fast drop in praziquantel levels in the blood, maintaining high levels of praziquantel in blood during the treatment period and therefore increasing the amount of time to which the parasite is exposed to parasiticidal doses of the drug is essential for increasing treatment efficacy.
Cimetidine is widely used for the treatment of gastric hyperacidity syndrome in humans. Numerous studies have shown that cimetidine may interact with coadministered drugs by influencing absorption, metabolic clearance and/or renal clearance (Shaheen & Branch 1986 , van Crugten et al. 1986 , Somogyi & Murihead 1987 , Schmidt et al. 1998 . Recent reports have de-scribed an increase in praziquantel levels in plasma of mammals when cimetidine is simultaneously administered (Dachman et al. 1994 , Ebeid et al. 1994 , Metwally et al. 1995 , Jung et al. 1997 .
In the present study, we investigated the treatment efficacy of praziquantel against Microcotyle sebastis infestation in cultured rockfish when administered simultaneously with cimetidine.
MATERIALS AND METHODS
Fish. Netpen-reared juvenile rockfish Sebastes schlegeli (body length: 13 to 16 cm) were obtained from a local rockfish farm in Tongyoung, Korea. The presence of Microcotyle sebastis on the gills was confirmed by examination of 10 fish. After 1 wk acclimation, a total of 70 fish was randomly divided into 7 groups of 10 fish in each group. The volume of each experimental aquarium was 50 l, the water temperature was 20 ± 1°C, and salinity was 33 ‰. Fish were not fed throughout the experiment.
Treatment regime. Fish were anaesthetized with MS222 (Sigma) and were intubated directly onto the stomach with varying concentrations of praziquantel and cimetidine. The first group was given 200 mg praziquantel (Shinpoong Pharm. Co. Ltd.) kg -1 BW, the second group 100 mg praziquantel kg -1 BW, and the third group 50 mg praziquantel kg -1 BW. The fourth group was coadministered 200 mg praziquantel and 200 mg cimetidine kg -1 BW, the fifth group 100 mg praziquantel and 200 mg cimetidine kg -1 BW, and the sixth group 50 mg praziquantel and 200 mg cimetidine kg -1 BW. The fish in the seventh group (control group) were given 0.7% saline. At 84 h post-treatment, the gills of all fish in each group were examined to confirm the effectiveness of each treatment. Abundance and prevalence were determined according to the methods given in Margolis et al. (1982) .
Statistical analysis. All data were analyzed using Mann-Whitney's U-test (SPSS for Windows, SPSS Inc.).
RESULTS
Prevalence and intensity of Microcotyle sebastis in the fish sampled randomly before the start of the treatments were 100% and 21.9 ± 16.8 (mean ± SD), respectively. All treated groups, except the group fed 50 mg kg -1 BW praziquantel, showed significantly lower abundances of M. sebastis than the control group (Tables 1 & 2) . When cimetidine was administered together with praziquantel, the treatment efficacy was significantly elevated. Maximum efficacy was recorded when both drugs were given simultaneously at 200 mg kg -1 BW, and this regime completely eradicated all M. sebastis. The treatment efficacies of 100 mg praziquantel + 200 mg cimetidine kg -1 BW and 50 mg praziquantel + 200 mg cimetidine kg -1 BW were not significantly different from those of 200 mg praziquantel kg -1 BW and 100 mg praziquantel kg -1 BW, respectively.
DISCUSSION
The present results clearly show that coadministration of cimetidine with praziquantel leads to a significantly increased treatment efficacy of the latter drug against Microcotyle sebastis infestation in rockfish Sebastes schlegeli. Cimetidine is known to be a nonselective inhibitor of cytochrome P 450 isozymes, and it has been found to impair the hepatic oxidative metabolism of a wide variety of drugs (Somogyi & Gugler 1982 , Sedman 1984 , Gerber et al. 1985 (Overbosch 1992 , Dachman et al. 1994 , Jung et al. 1997 , Sotelo & Jung 1998 , Al-Khodairy et al. 1999 .
In this study, we applied cimetidine as a potentiator of praziquantel to treat fish monogenean infestations for the first time. Treatment efficacy increased about 2-fold at each praziquantel dose with joint administration of cimetidine. This suggests that coadministration of cimetidine may suppress the metabolism of praziquantel and raises the bioavailability and levels of praziquantel in the blood in treated fish. This is also common in mammals. Dachman et al. (1994) reported that concurrent cimetidine administration increased not only maximum concentration but also the elimination half-life of praziquantel in humans. According to the present and the previous studies (Kim et al. 1998 ), a dose of 200 mg praziquantel kg -1 BW was enough to kill Microcotyle sebastis parasitizing on the gills of rockfish. In the present study, however, the differences in feeding times or intervals among M. sebastis individuals in fish which were administered 200 mg praziquantel kg -1 BW alone might have afforded some parasites an opportunity to avoid parasiticidal concentrations of praziquantel in the blood. On the other hand, the complete eradication of M. sebastis in fish treated with 200 mg praziquatel + 200 mg cimetedine kg -1 BW suggested that the addition of cimetedine increased the length of time that parasiticidal levels of praziquantel were maintained enough to surmount the problem of the parasite's feeding intervals.
The present results suggest that the coadministration of cimetidine with praziquantel would lead to a lowering of the total dose of praziquantel needed, as well as a reduction in administration times and costs (considering the high cost of praziquantel for aquaculturists) of Microcotyle sebastis infestation treatment. Further investigation on the pharmacokinetics of praziquantel in orally administered fish when coadministered with cimetidine is needed to explain the present results explicitly. 
